
For relative humidity (RH), 2014 continues the 
recent pattern of drying over land (noted first in 
Simmons et al. 2010 and further in Willett et al. 
2014) with a value slightly lower than 2013 and still 
well below the 1979–2003 average (for both HadISDH 
and reanalyses; Fig. 2.12). This means that the air 
over land is becoming less saturated, even though it 
contains more water vapor. Over ocean, RH remains 
around average in the reanalyses. There is no in situ 
monitoring product for RH over oceans at present. 
Spatially, the 2014 anomalies are broadly similar to 
that of q over land but with more expansive drying 
in the extratropics over ocean (Plates 2.1j,k; Online 
Figs. S2.23, S2.24).

The decline of RH since 2000 is apparent in both 
in situ only estimates and reanalyses. Although this 
decline in the global land average only begins in 
2000, it is quite clear when looking at gridbox trends 
over the period of record for HadISDH (1973–2014; 
Fig. 2.13). The negative/drying trends are regionally 
distinct, limited to midlatitude bands in both the 
Northern and Southern Hemispheres. In the majority 
of cases these negative gridbox trends are considered 
to be significant in that the spread of uncertainty in 
the trend does not cross zero. Conversely, the high 
northern latitudes show a strong moistening signal 
that is almost zonally consistent. Moistening appears 
relatively widespread in the deep tropics but serious 
data gaps prevent conclusive statements. Seasonally, 
the Northern Hemisphere drying is driven mostly by 
March–May and June–August (Online Fig. S2.25). 
The Southern Hemisphere drying is driven mostly by 
June–August and September–November. The specific 
cause of these trends has not yet been identified but 

the mechanism of lower warming over oceans lead-
ing to lower evaporation relative to that expected 
from land temperatures, as discussed in Joshi et al. 
(2008), is certainly plausible. Large-scale changes in 
circulation and moisture availability over land may 
also contribute.

2) totaL coLumn water vapor—C. A. Mears, S. Ho, 
L. Peng, J. Wang, and H Huelsing

Total column water vapor (TCWV) in 2014 was 
generally above average but with some monthly devia-
tion below, especially over land (Fig. 2.14). Estimates 
are available from satellite-borne microwave radi-
ometers over ocean (Wentz 1997; Wentz el al. 2007), 
COSMIC GPS-RO (Global Positioning System–Radio 
Occultation) over land and ocean (Ho et al. 2010a,b; 
Teng et al. 2013; C. Huang et al. 2013), and ground-
based GNSS (Global Navigation Satellite System) 
stations (Wang et al. 2007) over land. An anomaly 
map for 2014 (Plate 2.1h) was made by combining 
data from satellites over ocean and COSMIC GPS-RO 
over land with ground-based GNSS stations (Wang 
et al. 2007) also shown. In the tropical Pacific, there 
were pronounced wet anomalies north of the equator, 
extending northward into the northeast Pacific and 
eastward into South America. Dry anomalies were 
present to the south of the equator in the central 
and eastern Pacific. There were also substantial wet 
anomalies over Europe, with dry anomalies to the east 
over central and eastern Asia. The pattern in TCWV 

Fig. 2.13. Decadal trends in land surface relative hu-
midity between 1973 and 2014 from HadISDH. Trends 
are fitted using the median of pairwise slopes. A black 
dot within the grid box signifies high confidence in the 
trend direction from the fact the 5th and 95th percen-
tile slopes are both in the same direction (lie the same 
side of zero). Gray areas indicate missing data.

Fig. 2.14. Global average total column water vapor 
anomalies (mm; 1981–2010 reference period) for (a), 
(b) ocean only and (c), (d) land only for observations 
and reanalyses (see Fig. 2.1 for reanalyses references) 
averaged over 60°S to 60°N. The shorter time series 
have been given a zero mean over the period of overlap 
with ERA-Interim.
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over the ocean is confirmed by COSMIC ocean mea-
surements and by reanalysis output.

Over the ocean, the TCWV anomaly time series 
(Fig. 2.14a,b) from reanalysis and microwave radiom-
eters show maxima in 1983–84, 1987–88, 1997–98, 
and 2009–10, associated with El Niño events. The 
radiometer data show a discernible increasing trend. 
The different reanalysis products show a wide range 
of long-term trends. Minima are apparent in North-
ern Hemisphere winters during the La Niña events 
of 1984–85, 1988–89, 1999–2000, 2007–08, and late 
2010 to mid-2012. Global water vapor has increased 
since this last minimum. The ocean-only COSMIC 
data are in general agreement with the reanalysis and 
radiometer data, but show less of a peak in 2009–10 
and a pronounced dip in early 2014. Over land average 
anomalies from the ground-based GNSS stations are 
used in place of the satellite radiometer measurements 
(Fig. 2.14c,d). The various reanalysis products, COS-
MIC, and GNSS are in good agreement and all show a 
subtle increase in TCWV. A Hövmuller plot derived 
from JRA-55 (Fig. 2.15) indicates that the long-term 
increase in TCWV is occurring at all latitudes, with 
less variability outside the tropics. Compared with 
satellite data, which were previously used to create 
this figure, the JRA-55 data span a longer time period 
and are available over land, and changes in TCWV 
are consistent with changes in lower tropospheric 
temperature changes.

3) upper tropoSpheric humidity—V. O. John and L. Shi
It is now possible to monitor upper tropospheric 

humidity (UTH) on the global scale. Satellite esti-
mates for 2014 show near-normal values compared 
with the 1981–2010 period, but reanalyses estimates 
suggest anomalies are below average (Fig. 2.16). 
Satellite estimates are based on High-resolution 

Infrared Radiation Sounder (HIRS) data (Shi and 
Bates 2011). The data presented here are for 300 hPa. 
Area-weighted anomaly time series of UTH for the 
60°N–60°S latitude belt are based on HIRS data and 
on ERA-Interim reanalysis (Dee et al. 2011a). Note 
that ERA-Interim shows a drying of the upper tro-
posphere since 2001, which is not present in the HIRS 
data. Such a drying of the upper troposphere would 
have profound impacts on the Earth’s climate because 
upper tropospheric humidity is a key factor determin-
ing the sign and size of water vapor feedback. How-
ever, despite good agreement with other land surface 
humidity estimates [section 2d(1); Simmons et al. 
2010; Willett et al. 2014], reanalyses are known to have 
limitations in simulating low frequency variability 
in the hydrological cycle (e.g., John et al. 2009). The 
ERA-Interim drying may be related to assimilation 
of SSMIS radiances, which began around that time. 
A near zero trend in the HIRS upper tropospheric 
relative humidity time series indicates an increase in 
absolute humidity and is consistent with a positive 
water vapor feedback (Chung et al. 2014).

The annual average of UTH for 2014 (Plate 2.1i) 
shows moist anomalies over the eastern tropical 
Pacific. These match cloudier than normal skies 
(Plate 2.1l) and are consistent with the marginal El 
Niño-like conditions in 2014. They are also consis-
tent with the excess rainfall around 5°–10°N (Plate 
2.1m). The moist anomalies southwest of India and 
dry air over central and northern India indicate a 
weak Indian monsoon in 2014 in accord with rainfall 
anomalies (Plate 2.1m), though cloudiness anoma-
lies are less clear over these regions (Plate 2.1l). The 
moist anomalies east of New Guinea, in the tropical 
North Atlantic, over Sudan, and over western Russia 
are cloudier than normal with mostly above-normal 
rainfall, whereas the dry anomalies over eastern Asia 
are clearer than normal with reduced rainfall.

Fig. 2.15. Hövmuller plot of total column water vapor 
anomalies (mm; base period 1981–2010) including land 
and ocean derived from the JRA-55 reanalysis.

Fig. 2.16. Anomaly time series of upper tropospheric 
humidity using (a) HIRS and (b) ERA-Interim datasets 
(%; 1981–2010 reference period). The time series is 
smoothed using a 12 point filter to remove variability 
on time scales shorter than 3 months.
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